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nterest in marine ecosystems has accelerated in recent years with the growing recognition of their importance in regulating global climate. The planktonic food web in ocean surface waters, for example, plays a key role in regulating the distribution of carbon dioxide between the atmosphere and the deep ocean, and functions as a "biological pump" for carbon. If this pump didn't exist, most scientists believe, the concentration of carbon dioxide in Earth's atmosphere would be nearly double what it is today.
Just as it is necessary to understand the components of the human body at all levels of organization (genetics, biochemistry, cells, organs, and so on) to make advances in human health, scientists need to understand the components of marine ecosystems at all levels of organization to develop predictive capabilities.
Less than 1 percent of the bacterial species in the oceans have been cultured; there are roughly one million of these unknown cells per milliliter of seawater. These microbes have defined the chemistry of the oceans and atmosphere throughout evolution. Yet, according to Craig Cary of the University of Delaware, who spoke at ASLO's "Environmental Microbial Genomics" session, we don't understand how individual species contribute to this collective action, what their biochemical roles are, and what mechanisms guide the assembly and dynamics of these communities. "Understanding the gene functions in these communities will help us decipher the structure and function of these complex systems," said Cary, coconvener, with Penny Chisholm of Massachusetts Institute of Technology, of a National Science Foundation workshop on ecological genomics. The workshop report, Ecological Genomics: The Application of Genomic Sciences to Understanding the Structure and Function of Marine Ecosystems, was released at the conference and was the subject of Cary's talk (the report is available at www. ocean.udel.edu/genomicscenter/ genomics.pdf) .
Genomics has come to the oceans in a big way. A new era has been ushered in, accelerated recently by the development of new tools for sequencing and analysis. Already this new way of looking at the seas has changed our perspective on structure and function. Molecular techniques, for example, have led to the discovery that Archaea are a ubiquitous and dominant feature in the marine plankton community, especially below the photic zone. More recently, said Ed DeLong of the Monterey Bay Aquarium Research Institute in his ASLO session presentation, a gene encoding a specific photopigmentrhodopsin-was discovered within a large fragment of DNA belonging to an as yet uncultured bacterium also found throughout the oceans. DeLong's research shows that this gene is responsible for a previously unknown, even unsuspected, type of light-driven energy generation in the sea.
Cary sums up, "We need to apply the array of rapidly developing genome-based technologies that are about to revolutionize our understanding of the biology of well-studied organisms-from E. coli to yeast to man-to the microbes that occupy more than two-thirds of our planet's biosphere." Scientists are searching for answers, in part through a program known as GLOBEC-Global Ocean Ecosystem Dynamics. GLOBEC is an international effort; its US component is funded by the National Science Foundation and the National Oceanic and Atmospheric Administration (NOAA).
Fish
In an ASLO session cosponsored by the American Fisheries Society, titled "Scaling Fisheries from Egg to Adult and Back Again," talks like that by GLOBEC researcher John Quinlan of NOAA's Northeast Fisheries Science Center in Woods Hole, Massachusetts, focused on growth and survival of cod on Georges Bank (off the coast of New England) in relation to physical and biological conditions. GLOBEC researchers are working to understand longterm ecosystem responses to changing conditions and to determine the causes and consequences of climate change on time scales from years to decades. Their goal is to develop an understanding of the population dynamics of key speciescod, haddock, and two species of copepods on which they feed-in terms of the coupling of these species to their physical environment, and the interplay between climate and harvesting in the production of cod and haddock.
Atlantic cod live in distinct populations, each moving from spawning to feeding grounds en masse (a trait that long has benefited fishers, who scooped them up first by the bucketful, then with enormous nets from trawler ships). One such cod population lives off the coasts of Labrador and Newfoundland, another in the Gulf of St. Lawrence, and still another on Georges Bank.
Quinlan found that the cod population on Georges Bank now spawns in a January through March time frame, whereas it once spawned from October through March. He and colleagues "followed the fish" from the northeastern part of Georges Bank, where cod larvae first begin a southward movement around the bank in response to such physical factors as current direction and flow and to biological factors such as prey availability. Their research will lead to new information about how larval cod successfully reach adulthood, and how changes in climate-and possible resulting changes in water circulation and prey abundance-affect the Georges Bank cod population.
Related research findings include the following:
• Scientists have detected recent influences of Labrador Sea water on Georges Bank, which has resulted in changes in temperature and salinity, affecting the growth and survival of zooplankton and fish larvae.
• Incursions of water from the Scotian Shelf onto Georges
Bank are more common than previously recognized. These incursions are possible transport mechanisms for zooplankton and fish eggs and larvae from the Scotian Shelf to the bank.
• Toxic phytoplankton affect the egg production and larval development of copepods, with direct consequences for cod and haddock, which rely on copepods for food.
• A hydroid predator usually attached to the seafloor has been found in the water column on Georges Bank. This hydroid preys on zooplankton and fish larvae, including cod and haddock larvae.
Continued research, scientists believe, will allow us to determine the factors responsible for the decline of cod and other groundfish in this formerly productive region.
Gulf of Mexico "dead zone": Seasonal hypoxia turns seafloor into graveyard
The "dead zone" it's called, this area of the northern Gulf of Mexico where billions of creatures have suffocated from lack of oxygen over the course of many summers. The zone forms each spring when nitrogen dumped into the Gulf of Mexico by the Mississippi River triggers a chain reaction, according to scientist Nancy Rabalais of the Louisiana Universities Marine Consortium. It has long been known that excess nitrogen in a marine system stimulates primary production. Rabalais and her colleagues clearly defined the linkages between nitrate increases in the Mississippi River, the increase in carbon production and accumulation on the Gulf of Mexico shelf adjacent to the Mississippi, and the worsening of low oxygen conditions there over the last half of the 20th century.
In this environment, first come extensive phytoplankton blooms. Zooplankton soon arrive in large numbers to feast upon the phytoplankton. This bouillabaisse is a far bigger helping than fish and other predators can consume, so dead plankton and fecal pellets eventually fall through the water column and onto the gulf's floor. "There bacteria digest the remains, using up oxygen in the bottom waters and creating a 'dead zone' in which animals that can't swim away soon die," says Rabalais, who spoke in ASLO's session on "Biological and Ecological Responses to Low Oxygen in Constant and Fluctuating Environments."
The size of the dead zone has expanded since the early 1990s. Over the last five years, it has averaged about 5,454 square miles. In some years, it has grown to more than 7,700 square miles.
Rabalais's research involves studying the effects of this seasonal hypoxia on continental shelf benthos at two areas of the Louisiana continental shelf-one near the Mississippi River delta characterized by silty sediments and intermittently affected by hypoxia, and another farther from the Mississippi delta in sandier sediments affected by severe hypoxia lasting several months. "Decreases in species richness, abundance, and biomass of organisms were dramatic at stations affected by severe hypoxia or anoxia," Rabalais reported.
"Suitable feeding habitat is thus removed from the foraging base of demersal organisms, including commercially important penaeid shrimp."
What can be done about the Gulf of Mexico dead zone? A new state-federal plan calls for slashing the size of this zone by half over the next 15 years. This "action plan" signed by 10 federal agencies, nine states, and two Indian tribes was sent to the president and Congress in January 2001. It calls for reducing the amount of nitrogen flowing down the Mississippi River by about 30 percent to decrease the size of the oxygen-depleted area.
Efforts to restore the Gulf of Mexico might include reducing fertilizer use on farms, restoring wetlands, and increasing the use of buffer strips along streams and rivers. About 90 percent of the nitrogen in the Mississippi basin comes from runoff, mainly from agriculture. Therefore, most of the initial clean-up effort would focus on Midwestern states upstream of the junction of the Mississippi and Ohio Rivers, where farming is a major industry. If nothing is done, some scientists fear, the northern Gulf of Mexico could lose valuable fisheries resources, a situation realized in areas of the Baltic and Black Seas with persistent and severe hypoxia.
West Antarctic Peninsula shelf: Bloom material sinking to the seafloor may provide "food bank" for benthos
Primary production in Antarctic coastal waters is highly seasonal, with extremely low production levels during darker, icebound winter months and high rates during phytoplankton bloom in spring and summer. Each spring and summer, an intense pulse of biogenic particles is delivered to the floor of the continental shelf. This seasonal pulse, believe oceanographers Craig Smith of the University of Hawaii and David DeMaster of North Carolina State University, may have major ramifications for carbon cycling, benthic ecology, and the nature of material buried on the West Antarctic Peninsula shelf. Smith and his colleagues presented results of recent research in this area in the ASLO session on "Benthic-Pelagic Coupling: Seasonality, Pulses, and Flux."
Smith's group worked along a transect of three stations crossing the Antarctic shelf. During research cruises in the 2000-2001 research season, the team set out to test several hypotheses:
• A substantial proportion of spring and summer production is deposited on the continental shelf as phytodetritus or fecal pellets.
• The deposited bloom production is a source of food for bottom-dwelling organisms for a long time.
• Large amounts of this bloom are rapidly incorporated into sediments on the continental shelf by depositfeeding benthic organisms.
• Such detritivores undergo a rapid increase in numbers and biomass following this spring and summer "food delivery."
Phytodetritus or fecal pellets accumulated on the seafloor may well persist for long periods, said Smith. "Shelf sediments may provide a rich 'food bank' of detritus over extended periods of time relative to what's available in the water column." This predictable increase in food in shelf sediments could, said Smith, explain in part why benthic macrofauna in the Antarctic frequently do not lay down large stores of body lipids during summer months, while pelagic grazers typically do. "Energy storage in body lipids may be unnecessary for benthos if food is available for prolonged periods in a sediment food bank."
Smith's recent oceanographic cruise results indicate an intense pulse of chlorophyll a and organic carbon to the shelf floor after the summer bloom, with very low inputs the rest of the year. Nonetheless, inventories of chlorophyll a in sediments, sediment microbial biomass, and macrofaunal abundance show little seasonal variation, remaining high year-round. Smith believes that Antarctic shelf sediments are therefore indeed acting as a food bank, storing deposited organic matter after the summer bloom and sustaining detritivore food webs during seasons (and years) of low water-column productivity.
In a shelf ecosystem dominated by seasonal changes in particle flux, the relative importance of benthic biomass and benthic microbial recycling might be seasonally variable, Smith says. During the initial spring bloom, much of the phytoplankton production may be converted into zooplankton biomass, or recycled in the water column, whereas during nonbloom periods (winter), the benthic community may make a considerable contribution to total ecosystem biomass and organic matter recycling.
In the featureless open ocean, any substrate is home
The open ocean is the only truly boundless environment on Earth, a place in which planktonic creatures can float or swim freely in three-dimensional space without ever touching the surface or the bottom. In the course of a lifetime adrift in the deep blue sea, the only substrates these animals may encounter are other organisms or their remains.
There are no hard surfaces in the open sea, so its inhabitants need nothing more than gelatinous bodies to survive, according to Larry Madin of the Woods Hole Oceanographic Institution in Woods Hole, Massachusetts, who spoke at ASLO's "Ecology of Pelagic Gelatinous Zooplankton" session. In fact, added Bruce Robison of the Monterey Bay Aquarium Research Institute (MBARI), who presented information in the same session about newly discovered mesopelagic larvaceans in Monterey Bay,"we now think of this delicate marine life as actually forming much of the midwater environment. Animals there often use one another as substrate."
Perhaps the strangest case of one midwater animal using another as substrate was discovered by Kevin Raskoff, also of MBARI. His ASLO presentation discussed the first known mutualistic interaction between a cnidarian and a pelagic tunicate. Polyps of the genus Bythotiara were found associated with individual zooids of a new doliopsid collected from the mesopelagic waters of Monterey Bay. Previously, all known Bythotiara species were found living in the incurrent siphons of benthic tunicates, never on pelagic organisms. Raskoff found more than 200 individual cnidarian polyps in the buccal siphon of their doliopsid host's zooids. The doliolid, Raskoff reported, obtains both nutrition and protection from the cnidarian polyps, while the polyps gain access to a mobile, food-rich habitat.
Most medusae require a benthic habitat to complete their life cycle, Raskoff explained. But in the mesopelagic zone,"bottom" is hard to come by. Many hydroids have specialized in colonizing atypical substrates, such as other organisms. Among these are hydroids which have adapted to an associated lifestyle, using the exterior of a potential competitor as substrate. Bythotiara has simply taken this adaptation one step further.
Bythotiara's ability to "hitch a ride" on a doliopsid allows it to exploit the pelagic realm and make use of food resources unavailable to benthic organisms. The doliopsid also gets something out of the bargain: Tentacles of Bythotiara were found covering parts of the doliopsid colonies. These tentacles contained active nematocysts, and were shown to persist for months in the laboratory. "The tentacles," said Raskoff, "would provide an effective deterrent to potential predators of the doliopsid." The polyps also have the ability to snare large prey that the doliopsid may be unable to capture and ingest; the polyps therefore may act as a "prefilter" for the doliopsid's delicate mucous feeding web.
But how, in the vastness of the midwaters, do these creatures find each other? "The answer to that," 
